In this article, we present a method for analyzing the communication of people who exchange dynamic and complex information to come to a shared understanding of situations and of the actions planned and monitored by one party, but executed remotely by another. To examine this situation, we analyzed dispatchers working in police dispatch center in a large city in the Netherlands and their communication behavior in three different settings. The results of our analyses answer the question of how collaborative parties should assess an emergency situation in order to decide how to handle the incident in accordance with the procedures. Our results indicate which information must be communicated in order to deal with the current problem during the course of an incident. We will also demonstrate the proposed way of analyzing the communication used here is needed to understand how information is collaboratively handled in complex tasks.
INTRODUCTION
Research has shown a lack of communication in coordination centers can cause errors to arise or the consequences of prior errors to be exacerbated. Communication in such situations can, however, be improved in several ways: by training staff, by improving procedures, and by optimizing the IT support. Our research is aimed at the last point. The goal of this research is to set up design requirements that improve the communication-supporting role of the IT systems. The underlying questions examined for this research are:
• What does the operational communication between the coordinating offi cer and remote personnel look like?
• In particular, how does shared understanding come about between them?
Such shared understanding means the interlocutors give the same meaning to the information exchanged, and that they both know that this is the case. To examine these ideas, we analyzed the communication required for task performance. Following Garner and Johnson (2007) , we call this concept operational communication.
To examine this situation, we analyzed three distinct coordination centers, namely:
(1) One of the regional switch and control centers of the Dutch Railways (2) The emergency room of a hospital in a medium-sized city (3) A police control room in a large city This article focuses on the method we used to analyze the operational communication. Our results show which information must be communicated in order to deal with the current problem during the course of an incident. For this process, we compared the information used by the collaborative parties with the information in the information system. This approach revealed the system was mainly designed to record and present static information (e.g., locations, units, incident type), which is not suffi cient for dealing with the dynamic and situational handling of reports. Moreover, the information presentation does not distinguish between types of incidents, and it is not in line with the information needs during the three phases of addressing an incident. In this article, we will demonstrate the proposed way of analyzing the communication is needed to understand how information is collaboratively handled in complex tasks. Such analysis, furthermore, is the basis for adequate requirements engineering for (re)designing support systems in coordination centers.
CONTEXT OF THE FIELD STUDY IN A POLICE CONTROL ROOM
To understand the nature of the research reported here, readers must fi rst understand the dynamics affecting communication in the contexts studied by the authors. To address this factor, this section provides a description of the police control room examined in this study. Within this context, individuals regularly perform the following tasks:
• Receiving a request for help, setting up an emergency report, and sending the report to a dispatcher. The operator receives and records urgent telephonic help requests of citizens. The operator requests information from the caller and determines the report's type and priority. Then, the operator sends the digital report to the dispatcher, including priority and additional information.
• Determining the approach, and setting the handling of the incident in motion. The dispatcher determines the approach of the report and sets the handling of the incident in motion; in particular, the deployment of personnel.
• Coordinating the handling of the incident. The dispatcher coordinates the handling of the incident.
• Formally closing the incident. The offi cer in charge formally closes the incident handling.
The dispatcher is highly dependent on an information system for his tasks (see Figure 1) . For determining the course of action he uses the system to interpret the received report based on the type of the report (see Appendix A, Table 8 ), the location of the incident, and any additional information available. He also uses the system to determine which emergency units are available in the vicinity of the incident. Such a unit consists of two police offi cers in a car.
Several of these units are continuously present in each district. Specialized emergency units (e.g., police offi cers with dogs) are also available and can be deployed. As far as possible, the dispatcher keeps suffi cient units available for upcoming incidents.
After the dispatcher has deployed a unit via the radiotelephone, he or she uses a code in the information system to link the unit to the incident. The deployed units will then receive the available information in the on-board computer of their car. The report type indicates the nature of the incident, but also implicitly refers to the procedure associated with that type of report. For example, in case of a robbery alarm, the units should position themselves in such a way that they cannot be seen from the building, and a unit in civilian clothes should fi rst pass the building to assess the situation. If the report involves a fi rearm, then other specifi c security measures and procedures apply.
Coordinating the handling of the incident by the dispatcher, consists of collecting and providing information, managing the units, and, if necessary, deploying additional units. Once a unit has arrived at the incident location, it informs the dispatcher about the situation, and the seriousness of the situation is reassessed in consultation. Next, the dispatcher determines the strategy, and coordinates the remaining of the handling. If necessary, the deployment is modifi ed.
The dispatcher coordinates the handling of fi ve to twenty-fi ve reports at the same time. A protocol describes how communication should take place. If units want to contact the dispatcher, they push a button on their radiotelephone. On his monitor, the dispatcher sees which units are seeking contact, and he determines the order. All deployed units hear all the conversations that are taking place through the radiotelephone. Therefore, each conversation starts with an explicit indication of whom the call is intended for and who is speaking.
The coordinator has an assistant who maintains contact with other parties, such as the fi re brigade, the ambulance control room, or the Dutch Public Works and Water Management Agency. The assistant also helps to enter and process the information in several IT systems, namely a system to monitor incidents and to coordinate units, and a geographic information system that displays all units and incident locations on a map. There are also monitors that show live video images of fi xed locations in the city and of the ring road.
(These monitors also display images from a helicopter when it is deployed.) In addition, the dispatcher and his assistant have access to auditory communication via radiotelephone and telephone. The operational communication takes place via the radiotelephone, and a multitude of data are exchanged. We will use these data in our later analysis done to derive the mutual information needs.
OVERVIEW OF THE AREA
Complexity of information was traditionally defi ned as the freedom of choice between several independent messages (Shannon & Weaver, 1963) . However, in coordination centers, the decisive factor is not merely the complexity of the information, but the complexity of the overall work situation, including the technical and social-organizational structures. To get more insight into the concept of complexity in such settings, Alkemade (1992) studied 11 automation projects carried out in various sectors and interviewed 13 hands-on experts. His study revealed complexity involved: multiplicity, diversity, coherence, simultaneity, and dependence. Alkemade concluded complexity is context-dependent and therefore a generally applicable defi nition cannot be given.
More recently, a distinction was made between complex and complicated situations (Albers, 2004) . In complicated situations the characteristics multiplicity and diversity mainly apply. For example, an instruction manual for repairing an aircraft engine contains much and complex-looking information. However, if the mechanic follows the instructions carefully, he or she will, in principle, achieve his or her goal. The path to the end goal can be determined in advance. This is not the case in complex situations, where, besides multiplicity and diversity, the characteristics coherence, simultaneity, and dependence play a role. The path to a predefi ned end goal cannot be determined in complex situations. According to Albers, complex situations have the characteristics as presented in Table 1 .
Respecting Albers' (2004) statement about impossible completeness, the characteristics as described in Table 1 can still help to characterize the observed task situations in the coordination centers (studied by the authors) suffi ciently to set up requirements related to these characteristics: factors for improving the support by existing IT systems as well as IT systems to be developed.
Operational communication in coordination centers has been studied extensively, especially in studies in the fi eld of Computer Supported Cooperative Work (CSCW) and human factors. These showed that stakeholders coordinate their joint work subtly, both verbally and non-verbally (Berndtsson & Normark, 1999; Heath & Luff, 1992; Hutchins & Palen, 1997) . Many of these studies were conducted in situations where major incidents, such as wars and disasters, take place (Luokkala & Virrantaus, 2014; Streefkerk et al., 2014) , and where visual contact between parties is usually possible (Berndtsson & Normark, 1999; Gabris & Artman, 2004; Heath & Luff, 1992) . Our research, however, studied the ordinary daily task performance in coordination centers, and coordinators did not have visual contact with their interlocutors; they communicated via telephone or radiotelephone. Hence, non-verbal communication between the interlocutors was not possible.
In the human factors literature aimed at the (re)design of coordination centers (e.g., Pikaar et al., 1990; Lenior, 1993) , operational communication is often analyzed for design purposes. However, this is mainly done in order to study how often certain issues come up in communication, and whether errors occur. In essence, the tasks are analyzed with a focus on communication. In our study, we also conducted task analyses, but we focused on how the information is exchanged. In other words, we also conducted the analysis on language level.
From this perspective, we examined language-oriented approaches, such as Language/Action Perspective (LAP) and conversation Multidimensional strategies "A person needs to use an evaluation strategy that takes into account multiple factors simultaneously, because the information normally comes from sources and can be looked at in different ways."
Has a history "Complex systems have a history, which implies the system has a future."
Dynamic information "None of the important information has a fi xed value, rather it changes continually. Also, the user's goals and information needs are highly dynamic and are continually refi ned as new information is revealed."
Nonlinear response "The response is often nonlinear, meaning it is very sensitive to the initial conditions and infl uencing factors."
analysis (CA). LAP uses the speech act theory as a basis for the design of information systems. However, according to Suchman (1994) , Weigand (2006) , and Winograd (2006) , that does not do justice to the complexity of the communication process, while this process partly determines the task performance. CA provides a very detailed analysis of the verbal interaction between people and how the interlocutors build that interaction, but the fi ndings are rarely associated with task performance. For that reason, Randall et al. (2007) fi nd CA too detailed to serve as an analytical tool for designing task-support systems.
Because our study is aimed at designing for task support, we used Clark's (1996) common ground theory. Clark links communication with the joint activity (task performance) and the current situation. When applying Clark's framework of analysis, tasks in coordination centers can be regarded as joint activities that are based on the common ground of the parties involved. Common ground is a supposed shared base of knowledge, assumptions, and attitudes that is adequate for performing the current joint activity. In order to maintain and expand common ground, people apply grounding (Clark & Brennan, 1991) , which means that they inform each other about their level of understanding. When communication partners show positive evidence of understanding with regard to a particular joint activity, they have reached shared understanding for that activity (Clark, 1996) . Table 2 shows example utterances of negative (a-d) and positive (e-g) evidence of understanding when people communicate by telephone (Clark & Schaeffer, 1987 ).
We will use this format (a-g) to discuss the conversation fragments in Tables 4 and 5 , and to show how the interlocutors in the police control room give each other positive and negative evidence of understanding.
We used another concept of Clark (1996) , namely coordination devices. These increase the predictability within the cooperation: They make the next step in a joint activity more likely. Clark identifi es four types:
(1) Explicit agreements Table 3 lists these coordination devices with short(ened) descriptions, as used by Klein et al. (2005) .
In our study, we linked the coordination devices with the task situation. We will illustrate this with conversation fragments that occurred in the police control room.
APPROACH OF THE FIELD STUDY IN THE POLICE DISPATCH CENTER
The approach described here is aimed at analyzing the communication during the performance of complex tasks in order to infer the information needs of the stakeholders. By linking those information needs with the information that is processed and/or presented in the IT systems, we can verify if the IT can help to improve the support of the communication. The approach of the research consists of three steps described here. In describing these steps, we will also clarify this approach on the basis of the fi eld study in the police dispatch center.
Step 1: Analyzing the Task Performance
Getting to understand the setting, the activities, and the task performance by making a Hierarchical Task Analysis (HTA; Kirwan & Ainsworth, 1992) and by conducting contextual interviews (Beyer & Holtzblatt, 1997) .
As a fi rst step, two researchers visited the control room two to three days a week for four months. In practical situations such as these, the actual task performance often does not go according to the plans and procedures, so the experiences of the dispatchers involved are essential. To study these experiences, we conducted contextual interviews with 42 offi cers (dispatchers, operators, and offi cers in charge). Almost all of these individuals worked in the control room during those four months when we conducted observations.
We started directly with the contextual interviews to learn the tasks and processes of the dispatch center. First, we concentrated Good / Perfect.
(starting a relevant next turn or evaluation)
on the global tasks of the dispatch center and as we became more familiar with them we focused more on specifi c tasks and actions of the dispatcher. In addition, we studied the procedures and made a Hierarchical Task Analysis. A fi nal goal of the step was to obtain a representative sample of communication fragments for the next step in the study. We based this selection on the priority and the type of the report (described in detail in Appendix A).
Step 2: Analyzing the Operational Communication
Analyzing how the stakeholders create shared understanding during the operational communication and which coordination devices they use.
After studying the linguistically oriented literature, we used parts of the conversation analysis to determine how the mutual information exchange is created. Conversation analysis focuses on typical sequences and patterns in conversation acts. We used these sequences-adjacency pairs-in the analysis to identify the organization of a conversation (Mazeland, 2003) . Next, we analyzed the mutual information exchange in the task performance, using Clark's (1996) common ground theory. This approach allowed us to ascertain how shared understanding is created and which coordination devices are used. To do so, we studied the positive and negative evidence of understanding as described in Table 2 . Only when the utterance fi t category e, f, or g of Table 2 could shared understanding be ascertained. We then analyzed the use of coordination devices as described in Table 3 . In combination with the knowledge on task performance that we acquired in Step 1, we could determine the information needs of the interlocutors.
Step 3: Analyzing the IT system
Analyzing the IT systems that are used and the way in which and the extent to which these support the task performance as can be inferred from the communication analysis.
In this step, we fi rst examined the use of IT resources. (As mentioned previously, the dispatchers have a system to monitor incidents and coordinate units, they have a geographic information system, and they have various monitors for live video images.) We also conducted additional contextual interviews aimed at the use of the information system and involving 10 dispatchers. Additionally, we used structured interviews to asked six dispatchers about their specifi c uses of and experiences with the system. Furthermore, we studied existing documentation about the systems, and repeatedly talked with a system administrator. Finally, we talked with the system developers separately to discern the technical capabilities of the system in order to consider methods to potentially improve the deployment and coordination of offi cers.
We compared the information needs in this context with the presence of coordination devices in that setting (see Table 3 ) as determined in Step 2. By linking the information needs with these coordination devices, we were able to determine what information a dispatcher needs at which moment in the conversation and task performance. We were also able to determine if this information was available and was quickly accessible in the system.
RESULTS
In this section, we report our fi ndings in a step-by-step manner and as relating to the sequence of the performed method.
The task analysis and contextual interviews gave us a good understanding of the tasks that are performed in the control room, especially those tasks performed by the dispatcher. In this context, the police distinguish between priority-1 and priority-2 reports. Priority-3, -4, and -5 reports also exist, but these occur rarely and do not concern emergencies; the dispatcher only needs to take note of these internal police reports. We therefore excluded such reports from the analysis.
Priority-1 covers three incident types:
1) A caught-in-the-act situation with a high chance of catching the perpetrator; Conventions "Often, prescriptions of various types and degrees of authority apply to how parties interact. These can range from rules and regulations to less formal codes of appropriate conduct. These less formal codes include norms of practice in a particular professional community as well as established practices in a workplace. Coordination by convention depends on structures outside of a particular episode of joint activity."
Precedents "Coordination by precedent is like coordination by convention, except that it applies to norms and expectations developed within the ongoing experience of the joint activity. As the process unfolds, decisions are made about the naming and interpretation of things, standards of acceptable behavior and quality [. . .] As these arise and develop during the course of the activity, they tend to be adopted as devices (or norms) of coordination for the remainder of the activity."
2) An incident with much social impact (muggings, robberies, violence);
3) A report about a life-threatening situation (resuscitation, accidents with injury).
Priority-2 relates to incidents such as shoplifting, burglary without catching the burglar(s) in the act, a traffi c accident without serious injury, or vandalism.
The differences between these two priorities is refl ected by the number of conversations held during the handling of an incident. The 153 selected priority-1 incidents we studied elicited 1765 conversations between the dispatcher and the involved units, whereas the 101 selected priority-2 incidents we studied elicited 635 conversations. In addition to the number of conversations, the speed of the speech of the dispatcher is different. Fragment 1 and 2 show the initial deployment of emergency units by the dispatcher.
Here, Fragment 1 concerns a priority-1 incident and Fragment 2 a priority-2 incident. Both fragments lasted roughly 20 seconds.
The dispatcher is more directive during a priority-1 incident and he speaks faster. By using the transcription conventions of conversation analysis, one can visualize non-verbal aspects of speech, like speed and emphasis that display meaningful aspects of the interaction (See table 9 in Appendix B for an explanation of the notations of the conversation analysis conventions.)
In Albers' (2004) terminology, priority-1 reports are complex because of the urgency, dynamism, and unpredictability. Priority-2 reports are complicated, because they are less urgent and less dynamic, and more predictable in terms of handling. Figure 2 gives a global overview of the tasks of the handling two variants of a priority-1 report on the left and the handling of a priority-2 report on the right.
This fi rst step of our study led to insight in the task situation, but also to a representative selection of conversation fragments for further analysis in Step 2 as described earlier. For this fi rst step, we basically used two "inputs" for this selection, namely the priority and the type of the report (see Appendix A for a description of the • Report classifi cation and sub-classifi cation;
• The granted priority;
• Type of police unit;
• Conversation objective (based on the given reason for the conversation);
• Person who initiated the conversation;
• Duration of the conversation.
We also documented the date and time of each conversation, in order to be able to easily retrieve the conversations in the audio archive of the control room.
From the initial 253 reports, we selected reports that varied in priority and type, and that illustrated the daily work in the control room. The fi nal selection contained 13 priority-1 and priority-2 reports, of which we analyzed all 228 conversations in terms of content in Step 2.
The content analysis of the operational communication showed us how the dispatcher and his interlocutors achieve shared understanding, and which coordination devices were used in that process. Tables 4 and 5 illustrate this on the basis of two conversation fragments. These analyses also show how the parties handled the complexity of their task. We chose the fragment in Table 4 , because it characterizes the dynamics of the initial situation (a child calls in distress) and much information is exchanged between the dispatcher and three separate units in a short time.
In Table 4 , column 1 shows the numbering per utterance, column 2 shows the speaker, and column 3 shows the utterance transcribed. Column 4 shows, per utterance and when applicable, which evidence of understanding was given (see Table 2 ; a-d in the Table indicate negative evidence of understanding, and e-g indicate positive evidence of understanding). Column 5 shows which coordination device (see Table 3 ) was used. In some cases, we added a brief interpretation on our part. When applicable, the interpretation is further explained in Table 4 (indicated with an asterisk).
We chose the fragment in Table 5 to show that the dispatchers need to keep track of who is doing what concerning multiple ongoing incidents. The fragment also shows a transition from negative to positive evidence of understanding due to a short malfunction in the mutually used information system; it is for this reason that the unit asks for the report again, and the dispatcher accidentally sends the wrong report.
This second fragment shows how the stakeholders handle situations when there is no shared understanding. In almost all cases, the lack of shared understanding was restored in the same conversation.
In all the conversations that we analyzed, we only found one case where both the previously correctly communicated situation no longer applied and this change was not noticed. The incorrect communication had indicated that three suspects had been arrested, but afterwards, it became clear that only two suspects had been arrested. The confusion had arisen because one suspect had taken his coat off and therefore no longer matched the initial description. In a remarkable second example of non-shared understanding, an incorrect location of a shooting was communicated in the second instance, but the unit had remembered the fi rst, correctly communicated location. Fragment 3 shows an example of how explicit agreements and conventions are used in the operational communication. When a unit reported they had arrived at the scene (line 1), the coordinator requested to tell him when it was safe enough to allow paramedics at the scene. These paramedics were waiting outside because the police must guarantee a safe workplace before they enter the scene. The explicit acceptance of the request in line 4 completes the request. Moreover, the wording in line 3 is a convention that refers to a procedure.
The linguistic analysis of all 228 conversations provides insight into how the coordination takes place during task performance. Due to the complexity of the incident handling, the stakeholders go about this process step by step. By mapping the use of grounding, it became clear how the cooperating parties do this step by step and where, per step, shared understanding is reached.
By subsequently mapping the coordination devices, it became clear how the task performance is coordinated via the communication. This mapping of the coordination devices made the following clear about the use of coordination devices:
• The explicit agreements were mainly used to instruct units to keep the dispatcher informed of the progress. The other agreements concerned organizing extra support.
• Conventions were used to inform each other of the current situation or impending actions. This is done by: (a) mentioning the incident type, and (b) explicitly or implicitly referring to procedures. In addition, conventions were used for (c) the use of the radiotelephone, namely for identifying the sender and receiver by unit number or abbreviation.
• All precedents were used to identify a specifi c incident on the basis of the report type and/or the incident location. See line 8 and 11 of fragment 2 for an example.
• The use of saliences was related to the use of the radiotelephone. Because all units hear everything that is being said via radiotelephone, they can refer to what has previously been said by others via radiotelephone when they seek contact themselves. See line 15 of fragment 1 for an example.
The analysis of the use of coordination devices led to two general fi ndings: Priority-1 and priority-2 reports are handled differently, and dealing with the complexity of priority-1 incidents makes it necessary for the parties to combine a wide range of different types of information.
The fi rst general fi nding is that the handling of priority 1 and priority 2 differs in two ways. First, the handling of priority-1 reports differs from the handling of priority-2 reports in approach and information needs. A priority-1 report concerns an urgent need, several involved parties, an unpredictable course of the incident handling, and a need for strong situational action. This requires much coordination and thus, communication between the dispatcher and the parties involved. A priority-2 report concerns incidents with a less urgent need, and the handling of such reports is more predictable. Such a report can be coordinated well on the basis of existing procedures. As a result, less coordination is needed, and the operational communication is more focused on acting in accordance with procedures. In Albers' (2004) terminology, a situation with a priority-1 report can be referred to as complex, and a situation with a priority-2 report can be referred to as complicated.
Second, the handling of priority-1 reports differs from the handling of priority-2 reports in each phase. We distinguish three phases:
1) The initiation phase that starts when a report comes in and is being interpreted;
2) The coordination phase that starts when the unit is on site and can describe the situation well;
3) The completion phase that starts when the end of the incident is in sight, namely when the perpetrator(s) has been arrested or obviously escaped, when the greatest need is over, or when non-emergency units take over the incident.
The completion phase can be coordinated well according to the procedures due to the decreased urgency and the increased predictability; it is a complicated, rather than a complex situation (cf. Albers, 2004) .
In case of a priority-1 report, the dispatcher collects and interprets specifi c information in the initiation phase, such as report type, incident location, availability of units, and any additional information about the incident. Next, the dispatcher deploys the units that need to handle the incident. In the coordination phase, the fi rst unit on site informs the dispatcher about the current situation, and they jointly determine a strategy for handling the incident. This handling is iterative and requires continuous coordination for which information about the current situation is needed.
During the completion phase, the dispatcher uses information that is aimed at handling the incident according to procedure. On this basis, the dispatcher can estimate when the involved units will be available again. In some cases, the dispatcher informs other parties about the progress of the completion. The complexity of the incident has been reduced in this third phase, and the situation is now complicated.
In handling priority-2 reports, the dispatcher is particularly active in the initiation phase. He or she needs the same information for handling priority-2 and priority-1 reports, but the time pressure is lower when handling a priority-2 report. In the coordination phase that follows, the dispatcher has little contact with the deployed units; hence, that phase is skipped. The completion phase consists of receiving a message that the incident has (almost) been completed.
The second general fi nding of the operational communication was that dealing with the complexity of priority-1 incidents makes it necessary for the parties to combine different types of information. On the one hand, information is needed to invoke the proper procedures for such a report. This is basically "static," generic information that refl ects the procedures and protocols associated with the type of incident, such as report type, characteristics of a report, and location. Conventions are used here. On the other hand, "dynamic," situational information is needed about the specifi cs of the incident. Each specifi c report has its own situational circumstances that infl uence the course of the incident. This, in turn, infl uences the way the procedures are applied. Often, explicit agreements, precedents, and saliences are used here. Figure 3 illustrates the two general fi ndings. On the left, it shows the three phases that are associated with the handling of a priority-1 report and the (sub-)tasks performed in each phase. The funnel shape in the initiation phase and the completion phase of an incident indicates that less and less information is exchanged. The shape in the coordination phase refl ects the dynamic information exchange in this phase: Continuous coordination takes place to create an upto-date picture of the situation in order to be able to determine the next step of the handling. 
, Including the Interpretations as Used in the Analysis
Abbreviations: Dis = dispatcher, PU = police emergency unit, AS = Attention Service Message, HQ = Headquarters Note: All names and addresses in the fragments were anonymized *1. The unit that was called fi rst, has not responded yet, so the dispatcher calls another unit; he needs to adjust his strategy (Albers, 2004 ).
*2. The description of the incident type in lines 8 and 9 implicitly refers to the manner in which the unit should approach the situation; that is the convention. The description is still brief, so the interlocutors should work with what Albers (2004) calls dynamic information and open-ended questions. The (brief) description also refl ects the history of the incident, on which the units base their preliminary strategy; they may adjust this strategy once it becomes known whether or not the burglar is still in the house.
*3. A contact request so soon after a new report usually means that this unit prefers driving to the incident as well: a convention. This is a response to the report that was just communicated via radiotelephone: a salience. Line 17 shows that the dispatcher also interprets this contact request, the convention, in this manner.
*4. This unit's number indicates that the unit has a police dog, which is very desirable with this type of report. Deploying a dog is an adjustment of the strategy (Albers, 2004) . 
Fragment 1 Utterance Evidence of Coordination device and interpretation

, Including the Interpretations as Used in the Analysis
Abbreviations: Dis = dispatcher, PU = police emergency unit, AS = Attention Service Message, HQ = Headquarters Note: All names and addresses in the fragments were anonymized *1 The dispatcher explicitly states that he realizes there was no shared understanding; this is the basis for recovery. As a cause, he mentions the reference to a scooter (precedent). Line 4 shows that at this moment, he does not know yet in which incident this unit is involved; grounding takes place, which leads to shared understanding in line 9.
*2 This utterance refers to the dynamics and high information load of the work of a dispatcher. The unit becomes aware of this via the radiotelephone, and refers to it: a salience. Mapping the use of coordination devices brought to light how different kinds of information are used in combination. The right part of Figure 3 shows which coordination devices were used per phase in the 228 analyzed conversations, and how often. The "distribution" of the coordination devices differs per phase. In Albers' (2004) terms, the fi rst two phases of an incident are referred to as complex; the coordination devices are used to create a joint, upto-date picture in order to be able to determine the most appropriate action. The coordination devices show that dynamic, situational information is combined with static, generic information that refers to the procedures in force. The completion phase of an incident can be referred to as complicated. The coordination devices are now mainly used to refer to the procedure in force; to this end, the conventions are used. Situational information is exchanged less often.
Fragment 2 Utt erance Evidence of understanding Coordination device and interpretation
For the sake of completeness, we iteratively conducted the analysis as described previously for a single incident. However, as mentioned before, the dispatcher coordinates multiple reports simultaneously, so multiple processes as described earlier occur simultaneously as well. This increases the complexity of the situation.
The purpose of this third step was discovering how and to what extent the information exchange is supported by the information system during the operational communication. The transcription of the conversations took place at the dispatch center. This allowed us to be present at the actual handling of incidents that were similar to the ones we were transcribing. We regularly returned to the dispatchers and sat behind them while they were executing their tasks. By observing and asking them about their actions and their use of the main application, we gained a deeper understanding of their task performance, and how the application' capabilities correspond to it. In the following we fi rst will briefl y describe the system. Next, we will show which information is present in the system, and how that information is used during the handling of an incident.
The IT system has two monitors; one shows a Unit overview and the other shows information of all reported incidents. When the dispatcher selects a report, this report is displayed on new windows on the same monitor. This window is called the "work screen" (see Figure 4) . Here, the dispatcher can read and enter information about the report. This screen consists of several windows that contain specifi c information about the incident report. In Figure 4 , these windows are indicated with a frame and a number.
Based on the type of report and the full unit overview (on a separate, second monitor), the dispatcher determines the deployment. Dispatchers "connect" units to the report via the input window from frame 4b. These units are then deployed and receive the information recorded in frame 3 on their on-board computer of their car.
The contextual interviews during the coordination phase reveal that the dispatchers use this screen intensively, especially the parts in frames 4a and 4b. However, they state that it is diffi cult for them to search for information in 4a during dynamic incidents. In the fi rst place, because of the small size of the window, it has a fi xed size of roughly an eighth of a 19-inch monitor. Secondly, all parties involved in an incident (dispatcher, assistant, unit, and operator) can enter information in the system that is presented in this window, so looking for specifi c information requires extensive scrolling. Besides, the system automatically records who enters which information when, and then adds this metadata to frame 4a. The structured interviews made clear that dispatchers fi nd it annoying that the window automatically jumps to new information as soon as it is entered by one of the parties involved, because it hinders their own search for information in that particular window.
The analysis and contextual interviews revealed that in the initiation phase of an incident, dispatchers use the information from the screen as follows:
• What happened and where? (frame 3)
• What unit is available or can be made available? (second monitor)
• What is the current location of the units? (second monitor) Frame 2: A compressed summary of incidents for which no units have been deployed yet.
Frame 3: Incident information as entered by the operator when the report came in.
Frame 4a: Information that was entered during the handling of the incident, by the operator, the dispatcher, and the units involved.
Frame 4b: The input window for the information that is shown in frame 4a.
Frame 5: A display window for characteristics that are allocated to the incident according to a set protocol. This is often done automatically by the system, based on the report's classifi cation. The operator can also enter additional characteristics of the report when the report comes in.
Frame 6: Additional information that is related to the characteristics in frame 5, such as advice on the use of a bulletproof vest.
This overview shows that frame 4a despite the fact that it is an unstructured text fi eld that takes only 12% of the display and is by far the most used part of the display. It is the focus of all reading and writing activities of all parties, for both those working in the dispatch center and those remotely handling the incidents.
CONCLUSION AND DISCUSSION Conclusion
An analysis of the tasks and practices of the dispatcher, in combination with a linguistic analysis of the oral communication that is based on Clark (1996) , provided insight into how the collaborating parties perform their tasks.
Step 2 of the method presented here allowed us to determine how the professionals create shared understanding. The coordination devices in the communication showed that the task performance is mutually coordinated. These also showed which information is needed in the course of the incident handling. By linking these information needs with the use of the current information system, it became clear where the supporting system does not fully support the desired task performance. This is illustrated in Figure 5 , which shows the following per phase:
a) The (sub-)tasks that are performed by the dispatcher;
b) The information needs of the dispatcher; c) Which information is used by the system. Similar to Figure 2 , the shape in Figure 5 (see column a) represents the dynamics of the information exchange. The rectangular shape on the right illustrates that the information that is recorded and presented only increases during the incident handling, and that the information that is not used (anymore) remains prominently visible on the screen.
The current system mainly presents static, generic information, such as location, time, incident type, and standard procedural details (frames 1, 2, 3, 5, and 6 in Figure 4 ). With this information, the dispatcher must quickly form a picture of the incident and the location. Because the system hardly offers possibilities for processing dynamic, situational information, we can conclude that the (sub)tasks are supported poorly in the coordination phase. After all, from the moment a unit is on site and informs the dispatcher about the current situation (beginning of coordination phase), an ongoing coordination process follows, in which the dispatcher must quickly form an up-to-date picture in order to determine the continuation of the handling. This information is usually in the memory of the dispatcher and/or "hidden" in frame 4a, as shown in Figure 4 . In addition, the complexity increases, because the dispatcher needs to have dynamic, situational information ready of multiple, simultaneously occurring incidents.
The use of coordination devices showed the following: A large part of the information exchange takes place on the basis of conventions. This concerns static, generic information, such as unit numbers and references to procedures. This information can be found somewhere in the system, but it is not easily accessible. Therefore, dispatchers largely retrieve this information from their own memory.
The precedents belong to the category situational information. The analysis showed that this dynamic, situational information is needed throughout the handling, but that it is not easily accessible in the current system, especially in frame 4a in fi gure 4. Here, too, the dispatchers rely on their own memory. Saliences refer to crucial information, especially in the fi rst two phases of the handling. These are often implied references from the units to their intended contribution to an incident handling. Even though explicit agreements strongly infl uence the mutual coordination, these are not recorded in the system during an incident handling. However, this is necessary, especially since many parties may be involved, and sometimes even multiple dispatchers may be involved when the handling takes a long time.
Design Requirements
Our ultimate goal is to improve the communication-supporting role of IT in order to reduce the risk of wrong decisions during critical situations. The fi ndings from the study in the police control room are confi rmed by the two other fi eld studies in which we also applied the method presented here. These similar fi ndings form the basis for a number of design requirements (see Table 6 ). Applying these requirements will increase the communication-supporting role of IT systems in complex collaborative tasks. The design will then bridge the gap between the information needs of the dispatcher and the information that is available in the IT system for the task performance.
To be able to generalize the research results, it is necessary to determine at what time which devices for coordinating complex tasks are needed most, and how this coordination should be supported by information systems. Furthermore, the design requirements should be validated. It is especially necessary to examine how dynamic, situational information (i.e., explicit agreements, saliences, and precedents) should be recorded and presented in order to fi t the known static, generic information that refers to the appropriate procedures.
Further Application
The consistency of the results of the three studied real-life situations makes it plausible that these design requirements are valid for various work situations, in particular situations where parties with different expertise need to work together for extended periods of time and in varying groups and need static and situational information to form and maintain a good understanding of the actual task situation(s). This applied not only to the coordination centers, but also for multidisciplinary design teams, (medical) home-care teams, and nursing departments in hospitals. When one has captured the operational communication of, the presented method is directly applicable for those settings. Moreover, because of the increasing application of IT -and in particular sensor technology-in more and more practices, professionals need to form and maintain a good understanding of task situations which are enriched by information. When an individuals can determine which static and situational information they need, that person can design a more focused support system to deal with complex situations. In the system, it should be possible to record the agreements that are made per report; as far as possible, this should be done automa cally.
1b
In the system, it should be possible to record the par es that made an agreement, as well as the moment this agreement was made.
1c
In the system, it should be possible to share the agreements made with the par es involved. Preferably, these par es should be determined in advance.
2
In the system, it should be possible to a ach notes or agreements to specifi c sta c, procedural informa on of the report in ques on. For example, how is a certain procedure applied in this par cular incident? 3 The system should be easily searchable. This also means that it should be possible to clearly defi ne the sequence of events, the corresponding informa on, notes, agreements, and the se ng on a meline. For example, informa on about suspect descrip ons should be easily and quickly retrievable.
4a
The situa onal and generic informa on that is visible on the screen should fi t the current phase of the incident handling.
4b Informa on that is not applicable in the current phase of an incident handling should preferably not be shown constantly, but should be immediately accessible. For example, informa on about incident loca on and the person repor ng the incident.
5
The system should alert the user to situa on changes that may have cri cal consequences for the overall procedure. For example, an expected shortage of units for a certain district.
APPENDIX A
We selected a large number of handled reports in order to compile a representative collection of operational communication. We used two "inputs": fi rst the assigned priority and second the report type.
As described in the text, the operator interprets all incoming emergency reports and assigns a priority, namely 1 or 2. Table 7 shows the ratio between the number of priority-1 and priority-2 reports that were recorded in three months. Priority-1 reports generally require more communication than priority-2 reports. Hence, we selected more priority-1 reports (153) than priority-2 reports (81). We also selected 19 reports with priorities 3-5 to form a complete picture of the tasks of the dispatcher. Since these reports do not concern emergencies, we did not select those for the content analysis.
The second "input," the report type, shows some consistency with the prioritization. We did select reports based on the type classifi cation, but we also took into account how operators and dispatchers deal with this classifi cation. There is an automatic report-classifi cation system with nine report types. There are also 28 report sub-types, but these are not considered here. The operator can "tick" a type, but he can also "trigger" the system's automatic classifi cation by using the right keywords in the description. As the dispatchers indicated in the interviews, their impression of the report indeed determined the use of the keywords. The story of the person reporting the incident is interpreted and "translated" into the classifi cation terminology of the system.
The available overviews allowed us to determine that the distribution of both the number of reports and the report type was very constant throughout the months. Subsequently, we based our selection of reports on the overviews of reports in three distinct months, and selected the number of reports per type that more or less corresponded with the percentages in those overviews. However, we allowed incidents that require a lot of communication to be overrepresented.
Column 2 of Table 8 shows the percentage of selected reports per type, and the corresponding percentage from the overviews of the three months in brackets. For example, relatively more reports were selected for the three types -property crime, health, and safety & public order -because for these types of reports, multiple units are usually deployed, and the units and the control room communicate a lot. Our selection includes proportionally fewer reports of the types fi re, service, and environment. Even though these types are common, there is hardly any communication between the control room and the units. Moreover, the majority of the fi re reports concerned a false alarm, so conversations with this report type were not selected. For the sake of readability, the sub-classifi cations have been omitted from Table 8 . 
APPENDIX B
In Table 9 , we explain the conversation analysis conventions that were used when transcribing the conversations between the dispatcher and the units. wo:rd Colons show a sound stretch. The more colons the longer preceding sound the stretches.
(words) The transcriber is uncertain about the utt erance between parentheses.
word= =word
The equals sign indicates that there is no discernible pause between two utt erances.
word,
WORD
Underlined words/parts are stressed, words/parts in capitals are spoken out more loudly than surrounding talk.
>word word< <word word>
Talks between inwards arrows have faster speech, talks between outward arrows have slower speech.
((text)) Contextual information from the transcriber
